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INTRODUCTION 


Background 


is  in  the  process  of 

manufacturing  and 


At  the  present  time,  an  Army-wide  modernization  program 

upgrading  existing  and  developing  prog’raramedP  ef fort  will  enable  the  U.S. 

Load-Asserable-Pack  (LAP)  facilities.  effectiveness  with  improved  functional 

A™y  CO  .thieve  increased  to  providing 

safety  of  the  * an/item  relationship,  lthi  the  existing  facilities, 

manufacturing  facilities  for  future  weaponry  systems  within  the  ex  •  Large 

As  an  integral  part  of  this  progratt i,  New  Jersey,  is  engaged  in  the 

Caliber  Weapon  Systems  Laboratory,  r  «nnnqive  *  safety  criteria  as  an  activity 

continuous  development  of  funct  ona  y  •  plants"  which  includes  the 

entitled  "Safety  Lngineering  in  Support  of  'studles  0f  munition 

establishment  of  f  e  se proce s  s  "e  x  pi  o  s  i  v!  materials.  The  criteria,  developed 

end-items  as  well  as  bulk  in  proces  P  nfiIized  as  part  of  the  basis  tor  the 

under  the  auspices  of  '[JJuodt  du«  for  modernization ,  and  .111  be  available 

tor  ^reference  'porptis  »  privately -Owned  and  operated  (POPC)  plants  engaged  In 

ordnance  manufacturing  operations. 

The  activities  encompassed  within  this  report 

to  spec  If  ically  support  facility  nodernizatlon^pr^  ^  ^  ^  and  th#  8_lnch  M509 

for  the  assembly  of  M2/M46  G-  ^ants  Two-grenade  loading  tool  concepts,  an 

Ht  Pr-ljectlles  at  vatloes  lo  5  Prenade'  rl„E  pack,  (fig,.  2  and  3)  were  reviewed 

a"„d'a  test  progra.  then  i.ple.ented  to  sl.el.te  the  appropriate  conveyor  .y.te. 

test  arrays. 


Objective 

The  primary  objective  of  l*1*  £°8ra“helS  Sgfe  ^no^ropagai Ove ^slpa^at 
confirm,  through  experiments  eva  ua  ’*  Grenades  contained  within  two 

distance  for  various co.f, Lgorat  1~. •  •< '  feed  conveyor  systems 

KltCtli,  mro  either  .55-  *•>  «  JE 

Spicing a'„d“  production  rate,  for  the  .anof.ctote  of 
the  aforementioned  projectiles. 

The  overall  progra.  objective  1.  to 

2i*:r ..  their  w 

facility  layouts. 

Criteria 

Thi,  test  prot,r3„  was  implemented  In  order  to  determine  the  safe  co.weyor 
.paclng^o/Vwo- grenade  transfer  and  lo.dlngtoo! 

^ltto,::fl^^nCt^  .52;  “™,  to^lnaore  that  the  effect,  o,  a 


l 


% 


i 


major  unscheduled  detonation  of  a  munition  on  an  assembly  line  will  be  limited  to 
the  immediate  area  or  loading  station,  and  not  be  propagated  to  either  adjacent 
loading  activities  or  the  entire  facility,  causing  catastrophic  results.  Therefore, 
the  only  acceptable  criteria  in  the  establishment  of  safe  separation  distances  is 
the  non-propagation  of  the  initiated  donor  detonation  to  the  acceptor  units. 


Note  that  all  safe 
measured  from  nearest  edge 
and  acceptor  units. 


separation  distances  specified  within  this  report  are 
to  nearest  edge  between  the  grenade  loading  tool  donor 


\ 


t 
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TEST  CONFIGURATION 


M42/M46  GP  Grenade  Ring  Packs 
General 

Testing  of  the  two  M42/M46  GP  Grenade  ring  pack  loading  tools  to  establish 
and  statistically  confirm  the  minimum  non-propagative  distance  between  donor  an 
acceptor  units  under  simulated  manufacturing  line  conditions  was  conducted  unde 
auspices  of  the  ARRADCOM  Resident  Operations  Office  at  the  National  Space  lech  g  y 
Laboratory's  Hazard  Range  Tests  Facility  in  Mississippi. 

The  actual  test  program  consisted  of  two  portions,  each  utilizing  an 

exploratory  phase  and  an  ensuing  confirmatory  phase  to  statistically  establish 

confidence7  in  the  resultant  safe  separation  distances.  The  two  program  portions 
corresponoing  to  the  two-grenade  ring  pack  loading  tools  are  as  follows: 

1  155mm  M483  Ring  Pacx:  Contains  a  complete  projectile  layer  o. 

grenades  consisting  of  eight,  either  M42  or  M46  GP,  Grenades.  The  grenades  are 

arrayed  In  a  circular  pattern  of  seven,  with  the  eighth  grenade  being  in  the  center 
and  the  assembly  being  held  in-place  by  a  series  of  spacers,  one  keyed  to  the 

projectile  body  for  alignment  purpose.  The  whole  grenade  array '  l* ,  70  cm  (5  00  in) 

a  spring  steel  ring,  14.60  cm  (5.75  in)  in  outside  diameter  and  12.70  cm  (5.00  in) 

in  inside  diameter  by  1.91  cm  (0.75  in)  thick  (fig.  2). 

2  8-lnch  M509  Ring  Pack:  Contains  a  complete  layer  of  M42  GP  Grenades 
(15  -ach)  "arrayed  in  a  pattern  similar  to  the  M483  ring  pack  and  also  contained 
within  a  spring  steel  ring  (fig.  3).  However,  this  ring  is  20.35  cm  (8.00  in)  in 
outside  diameter  and  17.42  cm  (6.85  in)  in  inside  oiameter  by  1.91  cm  (0.75  in) 

thick. 


Test  Arrangements 

each  test  setup  consisted  of  a  donor  and  two-acceptor  grenade  ring  packs 
arrayed  in  a  straight  line  and  raised  off  the  ground  to  simulate  the 
system's  average  height  above  the  building's  floor,  as  shown  in  figure  4.  The 
center  specimen  served  as  the  donor,  while  the  ring  packs  at  the  extremities  of  the 
array  served  as  the  acceptor  specimens,  thus  producing  two-acceptor  sets  of  tes^ 

data  results  for  each  test  donor  detonated.  During  the  exploratory  test  Phas«.  ^c 
test  separation  distance  between  the  donor  and  the  acceptor  ring  packs  was  varied 
not  only  from  test  to  test,  but  also  within  single  test  firings.  However,  the 

donor-to-acceptor  separation  distance  was  always  held  constant  during  the 

confirmatory  phase. 

The  test  program  portion  for  the  155mm  M483  HE  Projectile  s  grenade  ring 
packs  consisted  of  an  exploratory  and  confirmatory  test  phase.  The  exploratory 
phase  of  this  portion  consisted  of  a  test  array  of  three  ring  packs,  each  containing 
eight  M42  GP  Grenades,  arranged  in  a  straight  line,  on  a  2.54  by  30.05  cm  (1.0  by 
12  0  in)  pine  board  to  simulate  the  conveyor  system.  The  complete  test  array  was 

then  supported  bv  low  density  concrete  blocks  (one  under  each  acceptor), 
approximately  45.7*  cm  (18.0  in)  above  the  existing  terrain  in  an  attempt  to  fully 
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simulate  the  LAP  facility's  conveyor  system.  During  .he  exp.ora.oryphase 
consisted  of  17  test  detonations,  the  separation  distances,  measured  edge  to  edge, 
ranged  from  15  0  to  61  cm  (6.0  to  24.0  in).  The  confirmatory  rest  phase  on  the  M483 
ring* packs  consisted  of  a  series  of  26  tests,  utilizing  the  exact  same  test  array  as 
in  the  exploratory  phase;  however,  the  separation  distances  were  held  constant  in 
order  to  amass  the  necessary  statistical  data.  Figure  5  is  a  pre-test  view o the 
ring  pack  array  Ic  all  cases,  the  left  and  right  acceptors  were  color-coded 
Lr  ease  of  post-test  identification,'  and  all  three  test  units  always  had  a  witness 
.  .  f  rpe;t.  Analysis  of  donor  detonation  and  subsequent  v.if  any; 

ifoZjiL  Also .  .. toSln  figure  5,  aan.lb.ga  »,r.  «Ul.d  b.U.d  the 
SSS™  to 'prb.ent  grenade  --C.tt.  rln,  and  aid  In  po.t-u.t  analysis  and  olean-np. 

The  test  program  for  the  8-Inch  M509  HE  Projectile's  grenade  ring  packs 
was  ba'ical’y  the  same  as  that  for  the  M483  ring  packs.  During  the  exploratory 
phLe  ihich  consisted  of  seven  test  detonations,  the  separation  distances * 
frnm  0  to  45  0  ca  (12.0  to  28.0  in).  The  confirmatory  test  phase  consisted  of  25 
*»;  i  «'  J  .«  distance  In  all  tests.  Figure  6  Is  •  vle» 

ot  the  io«  "!ng  pack  art.,.  Again,  the  only  variation  from  the  *83  ring  pack 
array  Is  larger  witness  plates  to  tully  accoeeodate  the  larger  ring  of  grena 

M42/M46  GP  Grenade  Cluster  Tray 

General 

star  let  lcally^coaf  Ire  £  ^  ^£^*"2 

under'"the  arts  plr.es  ^of  the  Natic>nal  Space 

Technology  Laboratory's  Hazard  Range  Test  Facility  in  Mississippi. 

The  test  program  initially  was  to  consist  o*  -wo  portions,  each  utilizing 

zzsrsLS  rsM-  -wr 

They  were: 

1  A  single  cluster  tray  contai  ing  32  each  M42  OP  Grenades  arranged  in 
four  rings^  of  eight  grenades  each.  The  cluster  tray  (fig.  1)  is  30.95  by  A0.50  « 
J  “  ,q  bgv  15  %  in-,  and  i*  [3.00  cm  (1.18  in)  thick,  and  consists  of  four  circular 

clvUits  to  hold  the  grenade  layers  and  two  rectangular  cavities  for  spare  inser  s 
or  other  loading  components.  The  tray  Is  vacuum-molded  from  a  general  purpose 
plastic  material. 

2  A  double  cluster  tray,  consisting  of  two  tra>s  locked  toBC^!eC  by  * 
steel  pin,  and  containing  64  each  M42  GP  Grenades  arranged  In  eight  rings  (four  p 
tray)  of  eight  grenades  each. 

Test  Arrangements 


Each  test  setup,  both  single  and  dual  cluster  tray,  was  to  consist  of  a 
two  acceptor  units  arrayed  in  a  straight  line  and  raised  off  the  ground  to 
system’s  average  height  above  the  building's  floor ,  as  shown 
iuectively.  The  center  specimen  in  each  case  served  as  t  e 


donor  and  two  accep 
simulate  the  conveyor 
in  figures  7  and  8,  respec 


donor,  while  Che  cluster  trays  at  the  extremities  of  the  array  served  as  the 
acceptor  specimens. 

During  the  exploratory  test  phase,  which  included  five  single  and  two  dual 
tray  tests,  extreme  difficulties  were  encountered  in  achieving  full  donor  high  order 
detonations.  Therefore,  the  test  plan  was  modified  as  a  field  expedient  to  the 
testing  of  propagation  potential  between  grenade  layers  in  a  single  tray.  oince  the 
trays  would  be  touching  and  the  closest  grenade  layer  to  the  donor  layer  would  be  in 
an  adjoining  tray,  the  test  array  in  figure  9  was  utilized.  This  test  array 
consisted  of  two  cluster  trays  joined  by  the  connector  pin  and  containing  six 
clusters,  each  containing  eight  grenades.  After  conducting  three  exploratory  tests 
utilizing  this  configuration,  a  total  of  64  confirmatory  tests  were  run.  The 
excessively  large  number  of  confirmatory  tests  were  due  to  two  reasons: 


test  and 


retests . 


1.  The  non-uniformity  of  the  test  array  only  yielded  one  data  point  per 

2.  A  few  partial  high  order  donor  detonations  necessitated  a  number  of 


Test  Specimens 

Lvery  test  portion  of  this  program,  both  ring  pack  and  cluster  tray, 
utilized  the  same  basic  test  specimen,  the  M42  General  Purpose  (GP)  Grenade.  Since 
it  was  felt  that  the  controlled  fragmentation  of  the  M42  GP  Grenade  was  a  more 

severe  test  than  the  uncontrolled  fragmentation  of  the  M46  Grenade,  only  M42 

Grenades  were  utilized.  Also,  since  the  M223  Fuze  was  held  in  an  out-of-line 
condition  by  two  loading  safeties,  a  roll  pin  and  a  spring  clip,  and  had  previously 
passed  its  out-of-iine  non-functioning  safety  tests,  only  unfuzed  grenades  were 

utilized  by  the  test  program  in  order  to  provide  a  safer  post  test  clean-up 
atmosphere .  The  and  M46  GP  Grenades’  basic  dimensions  are  6.25  cm  ( 2 .46  in)  in 

length  with  a  maximum  diameter  of  3.69  cm  (1.53  in)  and  contain  a  minimum  of  30 

grams  (j.07  pound)  of  A5  Composition  in  a  shaped  charge  configuration. 

Method  of  Initiation 

M483/M509  Ring  Packs 

The  donor  specimen  in  both  ring  pack  test  arrays  was  primed  with  two  J2 
electric  blasting  caps  directly  aligned  with  the  unfuzed  grenades’  lead  cup 
assemblies.  In  all  cases,  a  steel  witness  plate,  1.27  cm  (0.50  in)  thick,  was 
placed  below  the  donor  to  provide  a  record  of  a  high  order  detonation.  The  M483 
donor  ring  pack  (fig.  10)  utilizes  the  two  blasting  caps  in  diametrically  opposite 
grenades  in  the  ring  of  seven;  while  the  M509  donor  ring  pack  (fig.  11)  utilizes  the 
two  blasting  caps  in  diametrically  opposite  grenades  in  the  inner  ring  of  five.  In 
both  cases,  all  teste  resulted  in  a  complete  donor  high  oraer  detonation  with  all 
shape  charges  penetrating  the  witness  plate  ig.  12). 
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M483  Cluster  Trays 

.  ^nth  the  ginele  and  dual  cluster  tray  test  arrays 

The  donor  specimen  in  both i  t  8  ^  J2  Qr  m6  electric  blasting  caps 

(figs.  13  and  14,  respective  y>  ,  1  d  assemblies  on  each  grenade 

directly  aligned  with  the  unfuzed  ^enades  ieaa  p  the  four  layers 

layer .  Thes,  the  eight  layer..  Ko.ever, 

and  the  dual-tray  array  utilized  16  blast! _  8  P  sometimeg  gave  evidenCe  of  only 

since  the  donor  witness  Plates>  *  .  fi  ’  15  (note  incomplete  penetration 

partial  donor  functioning  as  three  blasting  caps  per  grenade  layer, 

circles),  the  ignition  system  was  revised  to MP  8  grenades  in 

This  array  utilized  two  of  the  gating  “JJ  £  center  or  eighth 

the  outer  rang  of  seven  and  the  thir  ®  blasting  cap  functioning  time,  the 

grenade.  Due  to  the  VatV^  whoie  donor  specimen  to  a  fully  high  order 

ignition  system  did  not  initiate  revlsed.  The  final  cluster  tray  test 

detonation;  therefore  the  »  ^  the  three  blasting  cap  ignition  system  on  a 

“"i;  grenade” layer  .^still  with  alxed  resales  (11  partial  doaor  det.pst.shs  out 
67  firings)  - 


i 
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TEST  RESULTS 


M42/M46  GP  Grenade  Ring  Packs 

As  previously  stated,  the  Safe  Separation  Distance  Study  Program  for  the 
grenade  pack  consists  of  two  separate  test  portions,  one  with  rings  of  eight 
grenades  for  M483  projectiles  and  the  ether  with  rings  of  15  grenades  for  M509 
projectiles.  Also,  each  test  portion  was  further  subdivided  into  two  test  sections; 
namely,  exploratory  and  confirmatory  tests.  The  results  of  the  various  tests  are 
discussed  below: 


M483  Projectile  Ring  Pack 


A  total  of  17  exploratory  tests  (test  nos.  1  to  17  inclusive  of  table  1) 
were  conducted  utilizing  separation  distances  (ring  pack  edge  to  edge)  from  15.0  to 
51.0  cm  (6.0  to  24.0  in)  with  high  order  propagations  of  the  donor  detonations 
occurring  up  to  the  23.0-cm  (9.0-in)  spacing.  Figures  16,  17  and  18  illustrate 

representative  post-test  results.  Figure  i6  is  a  general  view  of  a  test  wherein  no 
propagation  of  the  donor  detonation  occurred  (note  the  whole  acceptor  grenades  in 
the  foreground).  Figure  17  shows  a  high  order  propagation  to  the  right,  on  the 
nearest  acceptor  [note  the  penetrations  of  both  the  donor  (center)  and  right 
acceptor  witness  plates]  .  Figure  18  demonstrates  a  typical  post-test  close-up  of  a 
non-propagating  test  array  at  the  30-cm  (12-in)  spacing  (note  fully  penetrated  donor 
witness  plate  and  relatively  undamaged  acceptor  grenades). 


The  confirmatory  test  phase  consisted  of  26  test  detonations  (test  nos.  1 
to  43  inclusive  of  table  1)  ,  thus  yielding  52  valid  data  points.  All  tests  were 
conducted  at  the  30-cm  (12-in)  spacing  between  donor  and  acceptor  ring  packs  and 
while  light- to-medium  damage  was  encountered  on  some  acceptor  grenades,  there  was, 
in  no  case  ,  any  propagation  of  a  donor  detonation. 


M509  Projectile  Ring  Pack 

A  total  of  eight  exploratory  tests  (test  nos.  1  to  8  inclusive  of  table  2) 
wer  conducted  utilizing  separation  distances  (ring  pack  edge  to  edge)  from  30.0  to 
45.0  cm  (12.0  to  18.0  in)  with  no  high  order  propagation  occurring  at  any  spacing. 
However,  the  amount  of  acceptor  damage  at  the  30-cm  (12-ln)  spacing  would  have  led 
to  an  eventual  propagation.  Figure  19  is  a  general  view  of  a  test  where  there  was 
no  detonation  propagation  and  where  both  acceptors  remained  intact.  Figures  20 
show:*;  a  post-test  close— up  of  a  similar  test  array. 

The  confirmatory  test  phase  consisted  of  25  test  detonations  involving  50 
acceptor  specimens  (test  nos.  8  to  32  inclusive  of  table  3).  All  tests  were 
conducted  at  the  45-cm  (18-in)  spacing  between  donor  and  acceptor  ring  packs,  with 
little  or  no  damage  to  any  of  the  acceptor  specimens. 


M483  Cluster  Trays 

As  formerly  mentioned,  the  Non-Propagation  Study  Program  for  the  M42  Grenade 
cluster  trays  for  the  M483  Projectile  originally  was  to  consist  of  two  separate  test 
portions,  single-  and  dual-tray  tests.  However,  due  to  ignition  system  problems 
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with  the  simultaneous  ignition  of  between  8  to  24  blasting  caps,  donor  high  order 
detonation  reliability  was  highly  questionable;  therefore,  the  test .  p 'an  w 
to  determine  the  propagation  between  grenade  layers  within  a  dual  cluster  t  y. 

The  initial  testing  of  both  single  and  dual  cluster  trays  consisted  of  seven 
,  H  c  f-'vp  for  sinele  and  two  for  dual  cluster  tray  arrays  (tests  nos.  1 

^7  inclusive  of  table  3)  .  Separation  distances  in  both  cases  ranged  from  touching 
to  122  0  cm  (48  0  in)  and  205  cm  (84.0  in)  for  single  and  dual  arrays,  respectively, 
ihile  there  was 'no  detonation  propagation  in  any  of  the  tests,  the  aforementioned 
problem  of  reliable  donor  high  order  detonation  made  the  results  suspect. 

After  a  review  of  the  single  and  dual  tray  results,  the  test  plan  was  modified 

aa  pomes  m  all  the  tests  conducted,  there  were  no  high  order 

bobbing  between  the  gtenade  tinge  within  the  dual  «!«»<  t«,  ' 

Figure  21  is  a  post-test  view  of  the  final  test  array  results  (note  tha.  while 
grenades  may  be  damaged  and/or  ruptured,  none  functioned). 

Analysis  of  Test  Results 

Variations  In  oannfactntlng  tolerances,  materials,  aaar,  etc., 
statistical  reasoning  be  “ T^tLZ  /rogation  of  an 

n  S  facility  a.rnltlont[probnctlon5tn„e>sls  . 

SS2T  «?  £.  "SSI  lrT'».t“e.“^“Va.  C.,wict.d  (see  append!*  for 

statistical  theory). 

For  the  M42  GP  Grenade  ring  pack  of  the  155mm  M483  HE  Pro  jectile  (eight 

sr£.s& 

g IZtVToz0^  “  ^'VeUatio^distaLe! 

resulang10inn  "an"  £££' ol  1.11  percent  probability  of  propagation  of  an 
explosive  incidei.c  at  the  95  percent  confidence  level. 

For  the  M42  GP  Grenade  cluster  tray  of  the  155mm  M483  HE  Projectile  there  was 
a  total  ot  56  test  data  points  for  the  dual  tray  configuration  (zero  spacing  between 
trill)  resulting  in  an  upper  limit  of  6.25  percent  probability  of  an  explosive 
incident  in  one  ring  of  eight  grenades,  propagating  to  any  of  the  adjacent  grena  e 
rings  at  the  95  percent  confidence  level. 

w,  ,;r^r"hc -zsssrt, s. 

5-A-JS  Si  £  SSLrSS  ££  £= 

upon  the  conclusions  drawn  froa  the  data. 
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CONCLUSIONS 


It  may  be  concluded  from  the  test  results  of  the  M483  King  Pack  that  the  safe 
separation  distance  is  30  cm  (12  in)  between  rings  containing  eight  M42  CP  Grenades, 
with  the  probablility  of  the  propagation  of  an  explosive  incident  being  6.98  percent 
at  the  95  percent  confidence  level. 

The  safe  separation  distance  between  M509  ring  packs  containing  fifteen  each 
M42  CP  Grenades  is  45  cm  (18  in)  with  the  probability  of  the  propagation  of  an 
explosive  incident  being  7.11  percent  at  the  95  percent  confidence  level. 

Due  to  ignition  difficulties,  it  was  concluded  that  it  was  highly  unlikely  that 
either  a  single  or  a  dual  cluster  tray  containing  32  and  64  M42  GP  Grenades, 
respectively,  would  simultaneously  function  to  a  high  order  detonation.  Therefore, 
testing  was  revised  to  determine  the  propagation  potential  between  adjacent  rings  of 
eight  grenades  within  a  dual  cluster  tray  array.  Thus,  with  zero  spacing  between 
the  cluster  trays,  the  probability  of  the  propagation  of  an  explosive  incident 
between  grenade  rings  is  6.25  percent  at  the  95  percent  confidence  level. 


M42  GP  Grenade  Ring  Pack  («)  for  155mm  M483  HE  Projectile 


Table  1. 


Test 

Distance 

No^ 

cm 

(in) 

1  L 

30 

(12) 

R 

61 

(24) 

2  L 

61 

(24) 

R 

30 

(12) 

3  L 

30 

(12) 

R 

15 

(6) 

4  L 

15 

(6) 

R 

15 

(6) 

5  L 

23 

(9) 

R 

23 

(9) 

b  L 

23 

(9) 

R 

23 

(9) 

7  L 

23 

(9) 

R 

23 

(9) 

8  L 

23 

(9) 

R 

23 

(9) 

9  L 

23 

(9) 

R 

23 

(9) 

10  L 

2  3 

(9) 

R 

23 

(9) 

1  1  L 

23 

(9) 

R 

23 

(9) 

12  L 

23 

(9) 

R 

23 

(9) 

13  L 

23 

(9) 

R 

23 

(9) 

U  L 

23 

(9) 

R 

2  3 

(9) 

lb  L 

23 

(9) 

R 

23 

(9) 

Remarks 

NDP^  no  damage ^ 

NDP ,  no  damage 

NDP,  no  damage 
NDP,  light,  damage0 

NDP,  light  damage 
NDP,  medium  damage^ 

NDP,  heavy  damagee 
NDP,  heavy  damage 

NDP,  light  damage 
NDP,  medium  damage 

NDP,  light  damage 
NDP,  light  damage 

NDP,  medium  damage 
NDP,  light  damage 

NDP,  medium  damage 
NDP,  light  damage 

NDP  ,  light  damage 
NDP,  light  damage 

NDP ,  light  damage 
NDP,  light  damage 

NDP,  medium  damage 
NDP,  medium  damage 

NDP,  light  damage 
NDP,  light  damage 

NDP  ,  light  damage 
NDP,  light  damage 

NDP,  medium  damage 
NDP,  medium  damage 

NDP,  medium  damage 
NDP,  medium  damage 


Test 

Distance 

No. 

cm 

(  in) 

16  L 

23 

(9) 

R 

23 

(9) 

17  L 

23 

(9) 

R 

23 

(9) 

18  L 

30 

(12) 

k 

30 

(12) 

19  L 

30 

(12) 

R 

30 

(12) 

20 

L 

30 

(12) 

R 

30 

(12) 

21 

L 

30 

(12) 

R 

30 

(12) 

22 

L 

30 

(12) 

R 

30 

(12) 

23 

L 

30 

(12) 

R 

30 

(12) 

24 

L 

30 

(12) 

R 

30 

(12) 

25 

l 

30 

(12) 

R 

30 

(12) 

26 

L 

30 

(12) 

R 

30 

(12) 

27 

L 

30 

(12) 

R 

30 

(12) 

28 

L 

30 

(12) 

R 

30 

(12) 

29 

L 

30 

(12) 

R 

30 

(12) 

30 

L 

30 

(12) 

R 

30 

(12) 

Remarks 

NDP,  light  damage 
NDP,  medium  damage 

NDP ,  medium  damage 
HOD*  all  8  grenades 

NDP,  light  damage 
NDP,  light  damage 

NDP,  light  damage 
NDP,  light  damage 

NDP  ,  light  damage 
NDP,  light  damage 

NDP,  light  damage 
NDP,  light  damage 

NDP,  light  damage 
NDP,  light  damage 

NDP  ,  no  damage 
NDP,  light  damage 

NDP,  light  damage 
NDP,  no  damage 

NDP,  light  damage 
NDP,  light  damage 

NDP,  light  damage 
NDP,  light  damage 

NDP,  nedium  damage 
NDP,  light  damage 

NDP  ,  light  damage 
NDP,  medium  damage 

NDP,  medium  damage 
NDP,  light  damage 

NDP,  no  damage 
NDP,  light  damage 
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Tabic  1 .  ( coat ) 


Test 

Distance 

Test 

Distance 

No 

• 

cm 

(  in) 

Remarks 

No 

• 

cm 

(in) 

Rema  r ks 

31 

L 

30 

(12) 

\DP, 

no  damage 

38 

L 

30 

(12) 

NDP, 

light  damage 

F. 

30 

(12) 

NDP, 

light  damage 

R 

30 

(12) 

NDP, 

no  damage 

32 

L 

30 

(12) 

NDP, 

light  damage 

39 

L 

30 

v"  12) 

d)P, 

light  damage 

R 

30 

(12) 

NDP, 

no  damage 

R 

30 

(12) 

NDP, 

no  damage 

)  J 

L 

30 

(12) 

NDP, 

light  damage 

40 

L 

30 

(12) 

NDP, 

light  damage 

K 

30 

(12) 

NDP  , 

light  damage 

R 

30 

(12) 

NDP, 

medium  damage 

34 

L 

30 

(12) 

NDP, 

light  damage 

41 

L 

30 

(12) 

NDP, 

medium  damage 

R 

30 

(12) 

NDP  , 

light  damage 

R 

30 

(12) 

NDP, 

medium  damage 

35 

L 

30 

(12) 

NDP, 

light  damage 

42 

L 

30 

(12) 

NPD  , 

no  damage 

R 

30 

(12) 

NDP, 

no  damage 

R 

30 

(12) 

NDP, 

light  damage 

Jb 

L 

30 

(12) 

NDP  , 

light  damage 

43 

L 

30 

(12) 

NDP  , 

light  damage 

R 

30 

(12) 

NDP, 

no  damage 

R 

30 

(12) 

NDP, 

no  damage 

37 

L 

30 

(12) 

NDP  , 

light  damage 

R 

30 

(12) 

NDP  , 

no  damage 

a  NDP  -  No  Detonation  Propaga t ion . 

b  No  damage  -  All  grenades  and  housing  ring  fully  reusable. 

c  Light  damage  -  Minor  fragment  impacts  on  grenades  and  housing  ring. 

^  Medium  damage  -  Few  grenades  destroyed,  many  penetrations  of  grenades 
and  housing  ring. 

e  Heavy  damage  -  Most  or  all  grenades  destroyed  or  ruptured,  housing  ring  broken 
or  severely  damaged. 

*  HOD  -  High  Order  Detonation. 
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Table  2. 

M42  GP 

Grenade  Ring  Pack 

(15)  for  8 

-Inch 

M509  HE  Projectile 

Test 

Disc 

ance 

Test 

Distance 

No  . 

cm 

(  in) 

Remarks 

No. 

cm  ___ 

On) 

Remarks 

1 

L 

30 

(12) 

NDP* 

medium  damage^ 

16 

L 

45 

(18) 

NDP  , 

no  damage 

R 

30 

(12) 

NDP  , 

heavy  damage0 

R 

45 

(18) 

NDP, 

light  damage 

2 

L 

30 

02) 

NDP  , 

Light  damage** 

17 

L 

45 

(18) 

NDP, 

no  damage 

R 

30 

02) 

NDP, 

light  damage 

R 

45 

(18) 

NDP, 

no  damage 

3 

L 

30 

(12) 

NDP, 

medium  damage 

13 

L 

43 

(18) 

NDP  , 

no  damage 

R 

30 

(12) 

NDP, 

heavy  damage 

R 

45 

(18) 

NDP, 

no  damage 

4 

L 

30 

(12) 

NDP, 

heavy  damage 

19 

L 

45 

(18) 

NDP  , 

light  damage 

R 

30 

(12) 

SUP, 

heavy  damage 

R 

45 

(18) 

NDP, 

no  damage 

5 

L 

30 

(12) 

NDP  , 

heavy  damage 

20 

L 

45 

(  18) 

NDP, 

no  damage 

R 

30 

(12) 

NDP, 

medium  damage 

R 

45 

(18) 

NDP, 

light  damage 

b 

L 

30 

(12) 

NDP  , 

heavy  damage 

21 

L 

45 

(18) 

NDP, 

no  damage 

R 

30 

(12) 

NDP, 

medium  damage 

R 

45 

(18) 

NDP, 

no  damage 

7 

L 

30 

(12) 

NDP, 

medium  damage 

22 

L 

45 

(18) 

NDP, 

light  damage 

R 

30 

(12) 

NDP  , 

heavy  damage 

R 

45 

(18) 

NDP, 

no  damage 

8 

L 

43 

(18) 

NDP, 

medium  damage 

23 

L 

45 

(18) 

NDP  , 

no  damage 

R 

43 

(18) 

NDP  , 

medium  damage 

R 

45 

(18) 

NDP, 

light  damage 

9 

L 

43 

(13) 

NDP  , 

light  damage 

24 

L 

45 

(18) 

NDP, 

light  damage 

R 

43 

(18) 

NDP  , 

Light  damage 

R 

45 

(18) 

NDP, 

no  damage 

10 

L 

45 

(18) 

NDP  , 

no  damage 

25 

L 

45 

(18) 

NDP, 

light  damage 

R 

45 

(18) 

NDP, 

no  damage 

R 

45 

(18) 

NDP, 

no  damage 

l  i 

L, 

45 

(  18) 

NDP  , 

r;,  damage 

26 

L 

45 

(18) 

NDP  , 

light  damage 

R 

45 

(18) 

NDL  , 

no  damage 

R 

45 

(18) 

NDP, 

light  damage 

1 1 

L 

45 

(18) 

NDP  , 

light  damage 

27 

L 

45 

(18) 

NDP, 

no  damage 

R 

45 

(18) 

NDP, 

no  damage 

R 

45 

(18) 

NDP, 

no  damage 

1  J 

L 

45 

(  18) 

NDP, 

no  damage 

28 

L 

45 

(18) 

NDP  , 

no  damage 

R 

45 

(18) 

NDP  , 

light  damage 

R 

45 

(18) 

NDP, 

no  damage 

14 

L 

45 

(18) 

NDP  , 

light  damage 

29 

L 

45 

(18) 

NDP, 

medium  damage 

R 

45 

(18) 

NDP, 

no  damage 

R 

45 

(18) 

NDP  , 

no  damage 

L  3 

L 

45 

(  18) 

NDP  , 

no  damage 

30 

L 

45 

(  18) 

NDP  , 

no  damage 

R 

45 

(18) 

NDP, 

no  damage 

R 

45 

(18) 

NDP  , 

no  damage 

1  2 


Tr.ble  l.  (cont) 


Test  Distance 

No_.  cm  (in) 

31  L  45  (18) 

R  45  (18) 


Remarks 

NDP,  light  damage 
NDP ,  light  damage 


Test  Distance 
No.  cm  (in) 

32  L  45  (18) 

R  45  (18) 


Remarks 

NDP,  no  damage 
NDP,  light  damage 


a  NDP  -  No  Detonation  Propagation. 

b  Medium  damage  -  Pew  grenades  destroyed,  many  penetrations  of  grenades  and 
housing  ring. 


c  Heavy  damage  -  Most  or  all  grenades  destroyed  or  ruptured,  housing  ring  broken 
or  severely  detormed. 

^  Uight  damage  -  Minor  fragment  impacts  on  grenades  and  housing  ring. 
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Table  3.  M42  GP  Grenade  Cluster  Tray  -  Exploratory  Phase 


Test 

No  . 

Tray 

Arrajr 

Distance 
cm  (in) 

Remarks 

1L 

R 

Single 
(fig.  2) 

92.0 

122.0 

(36.0) 
(48  .0) 

NDP*  ,  nearest  clusters  scattered 

NDP,  one  grenade  damaged,  nearest  clusters 
scattered 

2L 

R 

Single 

30.0 

61.0 

(12.0) 

(24.0) 

NDP,  tore  up  tray,  scattered  all  clusters 

NDP,  tore  up  tray,  scattered  all  clusters 

3  L 

R 

Single 

Touching 
15.0  (6.0) 

NDP,  9  grenades  damaged,  all  others  scattered 
NDP,  6  grenades  damaged,  all  others  scattered 

4L 

R 

Dual 

(fig.  3) 

151 .0 
205  .0 

(60.0) 

(84.0) 

NDP,  trays  intact 

NDP,  trays  intact 

5L 

Dua  1 

92.0 

(36.0) 

Invalid  test,  with  3  grenades  primed  per 
grenade  circle,  donor  did  not  fully  detonate 

R 

Touching 

bL 

R 

Single 

Touching 

Touching 

NDP,  16  grenades  damaged,  5  missing 

NDP,  16  grenades  damaged,  2  missing 

7  L 

Single 

Touching 

Invalid  test,  with  Z  grenades  primed  per 
grenade  circle,  donor  did  not  fully  detonate 

R 

Touching 

b 

Touching 
(tig.  4) 

NA 

NDP,  2  grenades  destroyed,  4  damaged  and  34 
undamaged 

9 

Touching 

NA 

NDP,  4  grenades  damaged  and  36  undamaged 

1U 

Touching 

NA 

Invalid  test,  with  3  grenades  primed  in  donor 
circle,  donor  did  not  fully  detonate 

*  NDP  -  No  Detonation  Propagation 


Table  4.  M42  GP  Grenade  Cluster  Tray  -  Confirmatory  Phase 


Li 

o 

>- 

o 

o 

— 

— 

— 

— 

— 

— 

o 

r-> 

rg 

rg 

rg 

rg 

— 

lj 

C,  lPi 

X 

o 

- 

o 

o 

o 

o 

o 

o 

'Nl 

o 

O 

o 

— 

O 

O 

rg 

OJ  =5fc 

o 

CL 

Cl 

CL 

Cl 

CL 

CL 

cl 

CL 

Q. 

CL 

Cl 

CL 

CL 

Cl 

CL 

CL 

o  * 

Q 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

< 

Z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

L  1 

O  1 

> 

o 

rsl 

o 

o 

o 

ro 

wT> 

m 

rg 

— 

ro 

rg 

o 

co 

rg 

ro 

*_l  1 

a.  <r 
o  ^  t 

X 

o 

O 

o 

o 

— 

O 

o 

O 

O 

o 

O 

O 

rg 

o 

O 

O 

o 

CL 

Cl 

CL 

CL 

CL 

CL 

CL 

CL 

CL 

CL 

CL 

Cl 

Cl 

X 

CL 

CL 

u  * 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

< 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

Li 

>- 

— 

rg 

_ 

rg 

rg 

<u 

<r 

in 

o 

o 

o 

o 

c 

—4 

o 

—4 

0 

*J 

Q. 

X 

o 

— 

— 

O 

o 

<T> 

o 

O 

o 

rg 

o 

<y 

rg 

rg 

rg 

m 

- 

u 

CL 

CL 

CL 

CL 

CL 

u 

CL 

CL 

CL 

CL 

CL 

Cl 

CL 

CL 

CL 

CL 

CL 

o  1 

a 

a 

a 

a 

a 

0> 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

< 

z 

z 

z 

z 

z 

X) 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

>N 


3 


A 

o 

CL 

CL 

CL 

CL 

CL 

Li 

CL 

CL 

CL 

CL 

CL 

CL 

CL 

CL 

Clu 

CL 

CL 

u  t 

a 

a 

a 

a 

a 

O 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

< 

z 

z 

z 

z 

z 

c 

r*\ 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

u 

"O 

u 

CD 

<y 

uO 

Li 

o 

> 

o 

—i 

o 

o 

rn 

•H 

—• 

rg 

o 

o 

o 

o 

c 

4J 

X 

— * 

— « 

m 

o 

— i 

o 

rg 

m 

rg 

m 

rg 

rg 

CO 

o.  — « 

“ 

a>  **  1 

* 

* 

• 

• 

» 

• 

m 

* 

* 

« 

A 

A 

A 

A 

u 

a 

CL 

CL 

CL 

cl 

> 

CL 

CL 

a 

CL 

CL 

CL 

CL 

CL 

CL 

CL 

Cl 

u 

a 

a 

a 

a 

a 

c 

a 

a 

Cl 

a 

P 

a 

a 

a 

a 

a 

a 

< 

z 

z 

z 

z 

z 

1— 1 

z 

z 

Z 

z 

Z 

z 

z 

z 

z 

z 

z 

V 

l  a 

o 

c 

o  • 

a  o 

Z 


0O0OQOcocOrMaO0O3O0OcO0O00aoaOa0  X) 


u  * ' 

»  o| 
a>  z 
H  | 


^  rO  wn  -X) 


00 


15 


u 

> 

cn 

CO 

CM 

CM 

m 

CO 

* 

o 

ul 

X 

O 

O 

O 

o 

o 

O 

O 

O 

cu  in 
a» 
o 
u 
< 

CU 

Q 

2 

CU 

Cl 

2 

cu 

a 

2 

cu 

a 

2 

cu 

a 

2 

CU 

a 

2 

CU 

c 

2 

CU 

c. 

2 

o 

o 


cu 

Q 

2 


j  cm  n 

Too 


cu 

Q 

2 


Cu 

Q 


CU 

o 

2 


CU 

Q 

2 


a 

Q 

2 


£ 


U  1 

>- 

rsl 

<T 

<r 

cn 

m 

CM 

CM 

. — < 

cn 

CM 

O 

iJ  ! 

X 

o 

o 

o 

o 

O 

O 

O 

o 

«  4 

O 

o 

cu  <r 1 

0)  ^  ! 

O 

z  1 

NDP  , 

cu 

Q 

2 

CU 

Q 

2 

NDP, 

cu 

Cl 

2 

cu 

a 

2 

NDP, 

cu 

a 

2 

CU 

Q 

2 

NDP, 

CU 

o 

2 

CU 

Q 

2 

CM  CM 

O  o 

a.  cu 

o  — 

2  2 


O 

c 

o 

Q 


<u| 

o' 


.1 

O  I 


0O  CO  30 


00  CO 


oo  C0 


CO 


CO  CM  00  00  30 


00 


00 


V) 

o 

f- 


o' 

2 


_  — *  rs| 


cm 

-m 


cn 

~M 


<r 

CM 


wn 

cm 


x£> 

cm 


oo 

-si 


~M 


<-m  — i  <r 

cn 


16 


Invalid  test ,  donor  did  not  fully  detonate 
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NDP,  1,2  NDP,  0,3  NDP ,  2,0  NDP 


No  Detonation  propagation 

Number  of  grenades  ruptured 
Number  of  grenades  with  hit  marks 


PRESENCE  DETECTOR 
2  PLACES 


* 


TO  PRESS 


Figure  2.  155MM  M483  ring  pack  configuration 
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Figure  3.  8-Inch  fgj^ring  pack  configuration 


FIGURE  4.  M42/M46  Granada  rlno  pack  taat 


Figure  5,  8-Grenade  ring  pack;  pre-test  array 


Figure  6.  M509  -  15-Grenade  ring  pack;  pre-test  array 


Figure  7.  Single  cluster  trays;  pre-test  layout 
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Dual  cluster  trays;  pre 
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Figure  9.  Cluster  trays;  final  test  layout 


Figure  10,  M483  ring  pack  primed 
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Figure  11.  M509  ring  pack  primed 
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M483  ring  pack  witness  plate 
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Figure  13.  Single  cluster  tray  priced 
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Figure  14.  Dual  cluster  tray  prin-ed 
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Figure  15.  Cluster  tray  donor  witness  plate 
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Figure  16.  M483  ring  pack;  post-test  -  general  view 


Figure  17.  M483  ring  pack;  post-test  -  propagation 
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Figure  18.  M483  ring  pack; 
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Figure  19.  M509  ring  pack;  post-test  -  general  view 
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Figure  21.  Cluster  tray  results 
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STAT ISTICAL  EVALUATION  OF  EXPLOSLON  PROPAGATION 
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Stat 

is  t  ic 

ai  Theory 

The 

p  ss ibi  1  i ty  <. 

scat 

1  s  t  ic 

al  analysis  of 

n 

d 

-o 

o 

rt . 

This  appendix 

analysis 

was  pe  r formed . 

The 

probability  of 

the 

degre 

e  of  certainty 

The 

lowe 

r  limit  for  al 

f  unc 

cion 

of  the  number 

acce 

ptor 

items  tested. 

the  occurrence  of  explosion  propagation  based 


upon  a 
ot  the 


1  confidence  levels  is  zero;  whereas  the  upper  limit  is  a 
:>f  observations  or,  in  this  particular  case,  the  number  of 
Since  each  observation  Is  independent  oi  the  others  and  each 
observation  has  a  constant  probability  of  a  reaction  occurrence  (explosion 
propagation),  the  number  of  reactions  ( x)  in  a  given  number  of  observations  (n)  will 
have  a  binomial  distribution.  Therefore,  the  estimate  of  the  probability  (p)  of  a 
reaction  occurrence  can  be  represented  mathematically  by 


p  -  x/n 

and,  therefore,  the  expected  value  of  (x)  Is  given  by 
E(x)  -  np 


(1) 


(2) 


Each  confidence  level  will  have  a  specific  upper  limit  (P2>  depending  upon  the 
number  of  observations  involved.  The  upper  probability  limit  for  a  given  confidence 
level  a,  when  a  reaction  is  not  observed,  is  expressed  as 

(1  -  P2)n  *  e  ^ 

Where  t  *  (1  ~a)/2  and  a  <1.0  (4) 

Use  of  equation  3  is  illustrated  in  the  following  example: 


Example 

Determine  the  upper  probability 
propagation  for  a  confidence  level  of 
reaction  occurrence. 


limit  of  the  occurrence  of  an  explosion 
95Z  based  upon  30  observations  without  a 


Given 

Number  of  Observations  (n)  -  30 
Confidence  Level  (a)  •  95Z 

Solution 

1.  Substitute  the  given  value  of  (a)  into  equation  4 
and  solve  for  c : 
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£  -  (1  -  a)/2  -  (1  -  0.95)/2  -  0.025 

2.  Substitute  the  given  value  of  (n)  and  value  of  (a) 
into  equation  3  and  solve  for  p2* 

e  -  0.025  -  (1  -  P2>30 


or 


P2  *  0.116(11.62) 

Conclusions 

For  a  95%  confidence  level  and  30  observations,  the  true  value  of  the 
probability  of  explosion  propagation  will  fall  between  zero  and  0.116;  or 
statistically,  it  can  be  interpreted  that  in  30  observations,  a  maximum  o.  (0.116  x 
30)  -  3 .48  observations  could  result  in  a  reaction  for  a  95%  confidence  lever. 

Probability  Table 

Table  A-l  shows  the  probability  limits  and  the  range  of  the  expected  value  E(x) 
for  different  numbers  of  observations.  Three  confidence  Units,  90,  95  and  99%,  are 
used  to  derive  the  probabilities.  The  same  values  are  plotted  in  Figure  A-l. 


Table  A-i .  Probabilities  of  propagation  for  various  confidence  limits 
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figure  A-  1 . 


Variations  of  propagation  probability  vo. 
observation*  aa  a  function  of  confidence 


number  of 
level. 
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Hawthorne  Array  Ammunition  Plant 
ATTN:  SARHW-SF 
Hawthorne,  NV  89415 

Comma nde  r 

riolstou  Army  Ammunition  Plant 
ATTN:  SARriO-E 

Kingsport  ,  TN  37662 

Comma nde  r 

Indiana  Array  Ammunition  Plant 
ATTN:  SAR1N-OR  (2) 

SARIS-SK 

Charlestown,  IN  47111 
Commando  r 

Iowa  Array  Ammunition  Plant 
ATTN :  3AR10-S 

Middletown,  1A  52638 

Comraar.de  r 

Kansas  Army  Ammunition  Plant 
ATTN:  SARKA-CE 

parsons ,  KN  6/537 

Commander 

Lone  Star  Army  Ammunition  Plant 
ATTN:  SARLS-LE 

Texarkana,  TX  57701 

Comraande  r 

Longhorn  Array  Ammunition  Plant 
ATTN:  SARLO-S 

Marshall,  TX  75607 

Coramande  r 

McAlester  Array  Ammunition  Plant 
ATTN:  SARVC-SF 

McAlester,  OK  74501 
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Commander 

Milan  Array  Ammunition  Plant 
ATTN:  SARMI-S 
Milan,  TN  38358 

Commander 

Radford  Array  Ammunition  Plant 
ATTN:  SARRA-IE 
Radford,  VA  24141 

Commander 

Sunflower  Army  Ammunition  Plant 
ATTN:  SARSU-S 

Lawrence ,  KA  66044 

Commander 

Volunteer  Array  Ammunition  Plant 
ATTN:  SARVO-S 

Chattanooga ,  TN  37401 

Commander 

Pine  Bluff  Arsenal 
ATTN:  SARPB-S A 
Pine  Bluff,  AR  71601 

Commander 

Rocky  Mountain  Arsenal 
ATTN:  SARRM-SAF 

Denver,  CO  80240 

Director 

U.S.  Array  Materiel  Systems 
Analysis  Activity 
ATTN :  URXSY-MP 

Aberdeen  Proving  Ground,  MD  21005 

Commander/ Director 
Chemical  Systems  Laboratory 
U.S.  Array  Armament  Research  and 
Development  Command 
ATTN:  DRDAR-CLB-PA 

DRDAR-CU-L 

APG ,  Edgewood  Area,  MD  21010 
Chief 

Benet  Weapons  Laboratory,  LCWSL 
Development  Command 
ATTN :  DRDAK-LCB-TL 

Wa terv  lie t  ,  NY  12189 

Commander 

Badger  Army  Ammunition  Plant 
ATTN:  SARBA 

Ba  raboo  ,  W 1  539  1 3 
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